Abstract. Experiments were performed during the period May-July of 1993 at Summit, Greenland. Aerosol mass size distributions as well as daily average concentrations of several anionic and cationic species were measured. Dry deposition velocities for SO,:' were estimated using surrogate surfaces (symmetric airfoils) as well as impactor data. Real-time concentrations of particles greater than 0.5 gm and greater than 0.01 gm were measured. Snow and fog samples from nearly all of the events occurring during the field season were collected. and MSA. The dry deposition contribution to the seasonal inventories of the aerosol species is as low as 5% for NHn + and as high as 23% for MSA. The seasonal inventory estimations do not take into consideration the spatial variability caused by blowing and drifting snow. Overall, results indicate that snow deposition of chemical species is the dominant flux mechanism during the summer at Summit and that all three deposition processes should be considered when estimating atmospheric concentrations based on ice core chemical signals.
it is important to better understand the deposition processes that deliver these species to the surface of glaciers.
Aerosols and gases are deposited onto an ice sheet by snow, fog, and dry deposition. The deposition rates depend on several factors in addition to atmospheric concentrations, including local meteorology (e.g., wind speed, temperature inversion height, occurrence of fog), surface snow properties (e.g., surface roughness and characteristics of snow drifts), and the nature of the aerosols (e.g., hygroscopicity and size distribution) and gases (e.g., diffusivity and solubility). 
Experimental Methods

Atmospheric Sampling
Daily aerosol samples for analysis of major anions and cations were collected on Teflon Zefluor filters (1 •m pore size) at the atmospheric camp (ATM) located 28 km SSW of the GISP2 main camp. Sampling took place from May 25 to July 13. Several field blanks were collected during the season and analyzed with the same method as the samples. A description of the collection and extraction procedure is presented elsewhere [Jaffrezo et al., 1994] . TSI model 3755 laser particle counters (LPCs) were used to continuously measure the number concentration of particles > 0.5 grn at heights of 20 cm and 3 m above the snow surface. A TSI model 3760 condensation nucleus counter (CNC) was used to monitor concentrations of particles > 0.01 grn (CN) at 3 m. A TSI model 3701 multiplexer/processor was used to collect data and transfer it to a personal computer. Particle concentration data were averaged and stored over 1-minute intervals for all instnunents. Inlets for both sample heights were located on polyvinyl chloride (PVC) poles. The inlets were covered with plastic funnels so that snowflakes and fog droplets could not readily enter the tubing. Particles were carried to the counters via Tygon tubing (0.48 cm i.d. 
Snow Deposition
Fresh snow samples were collected from virtually every snow storm from May 20 to July 8 at the GISP2 main camp. High-density polyethylene trays (36 cm x 56 cm) were used to collect replicate fresh snow samples during snow events having relatively low wind speeds (< approximately 5 m/s). The trays were mounted on PVC poles 1.5 m above the snow surface. Samples were collected by a field assistant wearing disposable polyethylene gloves, standing downwind of the trays in order to minimize sample contamination. The trays were washed several times with ultrapure water between events. During snow storms with relatively high winds the trays did not efficiently collect fresh snow. In this case fresh snow samples were obtained by collecting replicate fresh surface layer snow with a scraper following the technique of Bergin et al. [ 1995] . A Lexan tool was used to scrape the snow samples into precleaned, preweighed 100-mL airtight Pyrex bottles. Approximately 10% of the fresh snow samples (both by number and mass) were collected in this manner. All samples were weighed to determine the fresh snow inventories (in grams per square centimeter), which were then used to determine the inventories of the soluble ionic species (in nanograms per square centimeter) for each snow event. The chemical inventory for a species is the concentration of the species (in nanograms per gram) multiplied by the fresh snow inventory for the given event (in grams per square centimeter). Samples were obtained from 18 snow events.
Fog Deposition
The white high-density polyethylene trays used to collect fresh snow were also used to collect fog droplets. The trays were put out at the beginning of a fog event and were removed within 1-2 hours of fog dissipation. Because of the relatively low wind speeds (< 3 m/s) during fogs (mostly radiative fogs), the sample losses due to wind reentrainment were negligible. Replicate samples were collected and weighed as previously described for fresh snow. The trays were washed between events with ultrapure water. The fog droplet fluxes (in grams per square centimeter) as well as inventories of soluble ionic species due to fog deposition (in nanograms per square centimeter) were determined. Replicate samples were obtained for 19 fog events from May 21 to July 12.
Dry Deposition
Dry deposition flux measurements were conducted using two aerodynamic surrogate surfaces (symmetric airfoils). The airfoils, developed at Carnegie-Mellon University, are specifically designed to avoid formation of turbulent wakes over the deposition surface. They are 30.5 cm in diameter and Aerodynamic Diameter, dp (urn) 
:p, max m(dp )ddp p, min where dp is the particle diameter (in micrometers), vd(dp) is the dry deposition velocity as a function of particle size [Ibrahim et al., 1983] (in centimeters per second), and m(dp)
is the mass concentration distribution function (in nanograms per cubic centimeter per micrometer). Note that V d in (1) corresponds to the overall dry deposition velocity obtained by integrating vd(dp) over the mass distribution of a chemical species. Table 1 Aerodynamic Diameter, dp (urn) 0.1 I 10 100
Aerodynamic Diameter, dp (urn) Aerodynamic Diameter, dp ( Estimates of the SO• :' dry deposition velocity using airfoils are as much as 60% greater than the values found using impactor size distributions and the dry deposition model to snow of Ibrahim et al. [1983] . This is possibly due to differences in the boundary layer resistances of the airfoil and modeled snow surfaces. Also, growth of aerosol SO• :' in the surface snow viscous sublayer is not considered. Overall, the rough agreement between the airfoil and impactor-estimated dry deposition velocities suggests that the airfoils may be used to approximate the dry deposition to the snow surface. 
